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Magnetic and/or dielectric behaviors have been studied for YBaCuFeO5, LuBaCuFeO5 and TmBaCuFeO5, which 
are known as members of oxygen-defect ordered perovskite systems RBaCuFeO5 (R=lanthanides Ln and other 
trivalent elements) and have two magnetic transitions: The magnetic structure of the high temperature(T) ordered 
phase is basically antiferromagnetic, and with decreasing T, a modulated magnetic component superposed on the 
antiferromagnetic moments appears at the second transition, where the ferroelectricity also appears (multiferroic). 
Here, we have found that all the systems studied here exhibit multiferroic behavior in the low T phase, and that 
TmBaCuFeO5 becomes multiferroic at a temperature as high as the melting point of ice, which is, to our knowledge, 
the highest value ever found in zero magnetic field. 
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Multiferroics that exhibit ferroelectric and magnetic 
simultaneous transitions have been actively studied with 
interest in both fields of basic and applied sciences.1) 
LiVCuO42, 3) and LiCu2O24-7) with quasi one-dimensional 
CuO2 chains (CuO2 ribbon chains) formed of the 
edge-sharing CuO4 square plaquettes are known as example 
systems in the former field: They are expected to exhibit 
new quantum phenomena induced by the coupling between 
magnetism and electric polarization. Their Cu spins (s =1/2) 
exhibit helical ordering with the modulation vector Q along 
the chains, and a spontaneous electric polarization P 
(∝Q×e3) appears as derived by theoretical consideration 
reported in refs. 8 and 9 ( The unit vector e3 is defined 
parallel to the helical axis). In addition to this system, we 
have also found that Na2Cu3(GeO3)4, which has Cu3O8 
clusters formed of three edge-sharing CuO4 square planes, is 
a multiferroic.10)  
Systems with large magnetic and ferroelectric 
polarizations attract much interest from the view point of 
technical application, because their (electric 
polarizations)/(magnetic ordering patterns) can be controlled 
by the external magnetic/electric fields.1) For example, 
perovskite Mn oxides such as TbMnO3 and DyMnO3 have 
been studied very extensively, and it has been 
experimentally proved that the electric polarization P can be 
controlled by the external magnetic filed H.11, 12)  
Then, from the view points of applications, multiferroic 
systems above room temperature are quite desirable. 
However, there is no example system exhibiting multiferroic 
behavior above room temperature (RT), although Zn ferrite 
system is known to be multiferroic above RT under applied 
magnetic field.13) Here, stimulated by a report by Kundys et 
al.14) that YBaCuFeO5 is a multiferroic with a rather high 
transition temperature of ~230 K, we have adopted a series 
of systems RBaCuFeO5 (R=lanthanides Ln and other 
trivalent elements) to search for high temperature 
multiferroics, and in the present paper, we report results of 
magnetic and dielectric or ferroelectric measurements 
carried out for R=Y, Lu and Tm. We have found that for 
R=Tm, the ferroelectric polarization P appears with 
decreasing T at a temperature as high as the melting point of 
ice, which is, to our knowledge, the highest transition 
temperature to a multiferroic phase in zero magnetic field. 
Polycrystalline samples of RBaCuFeO5 (R=Y, Lu and 
Tm) were prepared by a solid reaction: Mixtures of R2O3, 
BaO2 (or BaCO3), CuO and Fe2O3 powders with the molar 
ratios 1:2:2:1 were ground and pelletized, and the pellets 
were heated in air to 1000 ºC, kept at the temperature for 24 
h, and cooled down to room temperature. Then, the 
processes of regrinding and heat treatments were repeated 
two or three times, and finally, the pellets were annealed in 
Ar gas flow at 500 °C for 10 h. We confirmed that the 
samples were single phase by X-ray measurements with 
CuKα radiation. In Fig. 1, the X-ray diffraction pattern 
obtained for R=Tm is shown, for example, together with the 
one calculated for R= Y.15) We have confirmed that all the 
systems studied here have the structures schematically 
shown in the right part of Fig. 1. They are tetragonal (space 
group P4mm). Cu and Fe atoms are considered to be ordered 
as shown in the figure.15) (The existence of this ordering has 
been confirmed by the magnetic structure analysis in the 
antiferromagnetically ordered phase for R=Y,16) though it is 
not a subject of the present paper.)  
  The magnetic susceptibility  was measured using a 
SQUID magnetometer in the temperature T range from 5 to 
650 K. The T dependence of the dielectric susceptibility ε 
was studied by measuring the capacitance C of circular plate 
samples (typical sizes of 9 mmφ× ~2.5 mm thick) with Au 
evaporated electrode films using a capacitance bridge 
(Andeen Hagerling) with the frequency of 1 kHz. The T 
dependence of the electric polarizations P was obtained from 
the data of the pyrocurrent Ip. The measurements of Ip were 
carried out by the following procedures: First, samples were 
cooled under applied voltage V between the electrodes, and 
after V was set at 0, Ip was measured with varying T from the 
lowest temperature studied here (~77 K) using an 
electrometer (Keithley 6517A), where the time t was also 
measured. The dT/dt was, roughly ~20 K/min. (We had to 
wait ~20 minutes at the lowest temperature to minimize the 
spurious current.) 
Figures 2(a)-2(d) show the T dependences of the 
magnetic susceptibility χ, dielectric susceptibility ε, 
pyroelectric current Ip and electric polarization P, 
respectively, obtained for a polycrystalline sample of 
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YBaCuFeO5. In Fig. 2(a), we can find peaks of χ at 
temperatures of TN1~455 K and TN2~180 K at H=1 T 
(TN2~189 K at H→0). If we simply expect the relation 
Ip∝(dP/dT)⋅(dT/dt), Ip can roughly be considered to be 
proportional to dP/dT, because (dT/dt) does not change very 
sensitively with T in the T region of nonzero Ip. To the data 
curves in Figs. 2(c) and 2(d), the electric voltages applied 
between the electrodes during the sample cooling to remove 
the ferroelectric domains are attached. Although these 
temperatures do not accurately coincide with the values 
reported in ref. 14, characteristic features of χ are 
reproduced, and we can say that with decreasing T, a 
magnetic transition to the antiferromagnetic state15, 16) at 
around TN1 and the second magnetic transition to an 
modulated structure at around TN2 take place as was found in 
refs. 15 and 16. Although this modulated structure has not 
been determined yet, we know that neutron superlattice 
reflections appear at the reciprocal points of (h/2, k/2, l/2±δ) 
with odd values of h k l and δ~0.1. (Strictly speaking, the 
ordering temperature TN2’ should be determined as the peak 
temperature of dχ/dT, which is lower than TN2 by ∼10 K in 
the limit of zero magnetic field, as obtained from the data 
shown in Fig. 3(b) for LuBaCuFeO5, for example. We 
indicate the TN2’ values by the broken lines in Figs. 2(b)-2(d), 
and hereafter we use TN2’ as the transition temperature.) In 
Fig. 2(b), we find that an anomaly of ε at ~TN2’, and that the 
electric polarization P appears with decreasing T at ~ TN2’ 
(see Fig. 2(d)). These results indicate that the magnetic 
moments couple with the electric polarization P,15) and the 
existence of the modulated magnetic structure below TN2’ is 
consistent with the relation P∝Q×e3.8, 9) Therefore, we first 
try to understand the results on the basis of this model 
without having precise knowledge on the modulated 
magnetic structure.  
Let us consider that in the low T ordered phase, 
sinusoidally modulated components of the magnetic system, 
MX and MY, appear along two orthogonal directions, say X 
and Y directions, with the modulation amplitudes MX0 and 
MY0, respectively, forming a helical component with the 
amplitude M0. (Note that the X, Y directions are not 
necessarily coincide with the crystal axes, and that if MX0 = 
MY0, we have the relations M0= MX0 = MY0), Then, if we 
expect the mean field behavior, MX0 and MY0 are 
proportional to (TN2’-T)0.5, the polarization P (∝MX0⋅MY0) 8, 9) 
∝(TN2’-T) holds in the T region of (TN2’-T)/TN2 <<1, and Ip 
which is roughly proportional to ⎪dP/dT⎪ should be largest 
at ~TN2’ with rather flat T dependence near the transition 
temperature. However, Ip shown Fig. 2(c) does not exhibit 
such the behavior. Instead, it has a maximum value at 
temperature T0, much lower than TN2’ and decreases as T 
approaches TN2’.  
In Figs. 3(a) and 3(b), T dependences of the electric 
polarization P and temperature derivative of the magnetic 
susceptibility, dχ/dT, are shown. They are obtained for a 
polycrystal sample of LuBaCuFeO5 and an aligned sampler 
of LuBaCuFeO5 (in stycast), respectively. In the inset of Fig. 
3(b), the T dependence of χ is also shown. We find that TN2’ 
∼178 K (at H→0) and TN2 ~ 184 K (at H=1 T). The 
appearance of the superlattice reflections with 
incommensurate wave vector at round TN2’,17) with 
decreasing T, indicates that the modulated structure exists in 
the low T phase. We could observe no anomaly in the ε-T 
curve, possibly because the absolute value of ε was large. 
For this system, we realize again that P appears at around 
T∼TN2’ with decreasing T, and the critical exponent α used to 
describe the relation P∝(TN2’-T)α in the T region near TN2’ 
seems to be larger than unity. As in the case of YBaCuFeO5, 
the temperature of Ip maximum, T0 of LuBaCuFeO5 is 
significantly lower than TN2’. Between T0 (∼120 K) and TN2’, 
⎪Ip⎪or ⎪dP/dT⎪exhibits a significant decrease, with 
increasing T, in contrast to the T dependence expected for 
the mean field behavior stated above.  
Figure 4 shows the T dependence of the electric 
polarization P obtained for TmBaCuFeO5 by measuring the 
pyroelectric current Ip. For this system, we could not see 
such the peaks in the χ-T curve, as those found in 
YBaCuFeO5 and LuBaCuFeO5 at TN1 and TN2, because 
Tm3+ ions have large magnetic moments. We could not 
observe the anomaly in the ε-T curve, either, for the same 
reason as in the case of LuBaCuFeO5, although the existence 
of the low temperature incommensurate phase has been 
reported.17) The T dependence of P is very similar to that 
observed for YBaCuFeO5. An interesting point is that the 
finite polarization P appears, with decreasing T at a 
temperature almost equal to the melting point of ice, which 
is, to our knowledge, the highest critical temperature of 
multiferroic transitions in zero magnetic field.   
For well known multiferroic systems, TbMnO312) and 
MnWO4,18) for example, the T dependence of P seems to be 
roughly consistent with the relation P∝ (TN2’-T)0.5. In their 
cases, a sinusoidal modulation of ordered magnetic moments 
with MX0≠0 and MY0=0 appears first with decreasing T, and 
at lower temperature TN2’, where MX0 approaches a 
T-insensitive value, MY0 with usual T dependence appears, 
inducing nonzero P (∝ MX0⋅MY0) ∝ MY0∝ (TN2’-T)0.5. In 
contrast, to understand the T dependence of P of the present 
systems, the relation P (or MX0⋅MY0)∝(TN2’-T) α with α≥ 1 
have to be used. To explain this relation by the same 
theoretical model as that used above, we consider a 
simultaneous appearance of MX0 and MY0, each of which is 
proportional to (TN2’-T)α/2 (α≥1) and superposed on the 
antiferromagnetically ordered moments. This type of T 
dependence of MX0 and MY0 can be found, for example, in 
FeGe with hexagonal structure.19) The system exhibits a 
transition, with decreasing T, to a magnetic structure with 
incommensurate helical components, where both modulation 
amplitudes, MX0 and MY0 superposed on an 
antiferromagnetic structure are proportional to (TN2’-T)α/2 
(α>1). We also know a similar superposition of helical 
components with α significantly larger than 1 on the 
ferromagnetic moment system of Cu1-xZnxCr2Se4.20) If the 
present systems exhibit similar characteristics of magnetic 
behavior to those found in the above systems, the T 
dependence of P observed here can be understood. However, 
the T dependence of the neutron scattering intensities from 
the modulated magnetic structure reported previously for 
YBaCuFeO515, 21) does not seem to have such characteristics 
found for FeGe and Cu1-xZnxCr2Se4. Therefore, we think that 
the alternative explanation is more persuasive: As T is raised, 
ferroelectric domains are formed, because no external fields 
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are applied during the measurement of Ip. It can consistently 
explain the appearance of the maximum of Ip at T0 
significantly lower than TN2’. Note that though the 
reconstruction of the domain structure induces the change of 
Ip, but does not induce the anomaly in the ε-T curve.  
Two other questions also arise here: One is why the 
transition temperatures of the present system are so high. 
Because the modulation vector of the magnetic ordering is 
along the c axis, it is not plausible that the large exchange 
interaction among Cu2+ moments expected within a c-plane 
is important. We presume, therefore, that the large magnetic 
moments of Fe3+ and isotropic nature of both the Fe3+ and 
Cu2+ spins are important for realizing the non-collinear 
modulated structure (possibly helical structure) of the 
systems. If it is correct, for the search for new multiferroic 
systems with higher transition temperatures, it is important 
to substitute Cu2+ with Mn2+ ions, for example, which have 
large and isotropic moments. Substitutions of Ba2+ with 
different size ions such as Sr2+ or Ca2+ would also be hopeful, 
because a slight change of the atomic distances may induce 
the enhancement of the exchange interactions among the 
magnetic moments. The other question is why the absolute 
values of P observed for the present systems at low T are 
smaller than the value reported by Kundys et al.14) for 
YBaCuFeO5. On this point, we do not find firm reasons at 
this moment.  
In summary, we have studied magnetic and/or dielectric 
behaviors of RBaCuFeO5 (R=Y, Lu and Tm), and found that 
all these systems exhibit multiferroic properties. In particular, 
the transition temperature of TmBaCuFeO5 have been found 
to be as high as the melting point of ice, which is, to our 
knowledge, the highest ever found in zero magnetic field. It 
encourages us to search for a room temperature multiferroic 
system among similar systems. 
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Figure Caption 
Fig. 1.  As an example of the X-ray powder patterns of RBaCuFeO5, the data 
obtained for TmBaCuFeO5 with CuKα radiation are shown. In the right part, 
the structure of RBaCuFeO5 is schematically shown. 
Fig. 2.  (a) Magnetic susceptibility χ of YBaCuFeO5 measured with H=1 T is shown 
against T. (b) The dielectric susceptibility ε of YBaCuFeO5 is shown against T. 
TN1 and TN2 are the temperatures of the susceptibility peaks at H=1 T. In (c) 
and (d), the pyrocurrent Ip and electric polarization P are shown, respectively, 
against T. To the data curves, the voltages between the electrodes of the 
plate-like sample applied during the cooling processes are attached (The 
measurements were carried out at zero applied voltage.) In the figures, TN1 and 
TN2 are the temperatures of the susceptibility peaks at H=0, and TN2’ is the 
peak temperature of dχ/dT at H→0. 
Fig. 3.  (a) T dependences of the electric polarization P of LuBaCuFeO5 obtained by 
measuring Ip with increasing T at zero applied electric field. The voltages 
between the electrodes of the plate-like sample applied during the cooling 
processes are indicated. The temperatures TN2, TN2’ and T0 at H→0 are 
indicated by the arrows. In (b), dχ/dT data obtained at H=1, 3 and 5.5 T 
(H||ab) for a c-axis aligned sample of LuBaCuFeO5 (in stycast) are shown 
against T. The temperatures TN2’ are indicated by the arrows for various H 
applied within the ab plane. Inset shows the T dependence of the magnetic 
susceptibility obtained at H=1 T (H||ab). TN2 at H=1 T is indicated by the 
arrow. 
Fig. 4.  (a) T dependence of the electric polarization obtained for TmBaCuFeO5 is 
shown, where the voltage between the electrodes of the plate-like sample 
applied during the cooling processes are attached. 
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